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(3) Fluid supply pressure control method and apparatus. 



(57) A fluid supply pressure control apparatus for 
use in conjunction with a pressure control valve 
(10) of a fluid supply system is disclosed which 
includes : first sensor means (26, 28) for sens- 
ing the pressure of the fluid at a first point (12, 
14) in the system, and first control means (16) 
for controlling the pressure control valve (10) to 
adjust the pressure of the fluid at the first point 
in the system in accordance with a difference 
between the pressure sensor by the first sensor 
means and a predetermined pressure valve. The 
apparatus further includes second control 
means (24) for controlling the predetermined 
pressure value to reduce fluctuations in the 
fluid pressure at a second point in the system. 

The aim of this apparatus is to maintain the 
lowest possible pressure in the supply pipes 
commensurate with maintaining a reasonable 
pressure in outlying and elevated areas and 
with meeting the demand for water. This pro- 
vides a means of controlling water supply press- 
ure whereby water loss through leakage is likely 
to be substantially reduced. 
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The invention relates to a fluid supply pressure 
control method and apparatus, and In particular to 
such a method and apparatus for a water supply sys- 
tem. The term fluid includes both liquids and gases. 

The supply and pressure control of mains water 5 
is a fairly complex operation and the adequacy of the 
supply and supply infrastructure varies from place to 
place. Conventionally the water system is arranged 
so that a minimum water pressure is maintained at all 
points in the system. 10 

This is usually done with reference to the pres- 
sure prevailing at a number of critical points, that is to 
say at those points which are the highest above sea 
level or furthest away from the source of supply in the 
district concerned. However, there is invariably a con- 15 
siderable fluctuation in the demand for water through- 
out the day and also a considerable seasonal varia- 
tion so that the maximum pressure is generally higher 
than the necessary minimum value. 

A conventional system as previously described 20 
suffers from a number of problems, including the loss 
of significant quantities of water because of the poor 
condition of pipes in the distribution network, either 
due to their age or the materials of which they are 
constructed. The maintenance of a higher than nec- 25 
essary pressure level at a particular point increases 
the amount of water so lost and, additionally, exacer- 
bates the deterioration of the system. 

For a particular pipe network, it is known to in- 
clude a regulating valve to maintain a predetermined 30 
pressure level at the valve location, and it is also 
known to include a mechanical control device to keep 
this pressure level to a minimum. However, once in- 
stalled such mechanical control devices cannot be 
easily adjusted and thus if the characteristics of the 35 
system are altered in any way e.g. by the addition of 
further piping or supply requirements, then the con- 
troller can not take account of this and the pressure 
level is not maintained at an optimum value. 

The present invention aims to combat this prob- 40 
lem by preferably maintaining the lowest possible 
pressure in the supply pipes commensurate with 
maintaining a reasonable pressure in outlying and 
elevated areas and with meeting the demand for wa- 
ter. This provides a means of controlling water supply 45 
pressure whereby water loss through leakage is likely 
to be substantially reduced, and deterioration alleviat- 
ed. 

Accordingly the present invention provides a fluid 
supply pressure control apparatus for use in conjunc- 50 
tion with a pressure control valve of a fluid supply sys- 
tem, including: 

first sensor means for sensing the pressure of the flu- 
id at a first point in the system, and first control means 
for controlling the pressure control valve to control the 55 
pressure of the fluid at the first point in the system in 
accordance with a difference between the pressure 
sensed by the first sensor means and a predeter- 



mined pressure value, characterised in that the appa- 
ratus includes second control means for controlling 
the predetermined pressure value. 

Advantageously, the predetermined pressure 
value is adjustable by the second control means to re- 
duce fluctuations in the fluid pressure level at a sec- 
ond point in the system. The fluctuations may be re- 
duced in frequency, duration or any other suitable 
manner. 

The first control means may include means e.g. 
for hardware or software, for controlling the pressure 
control valve directly or indirectly, or may include a 
valve such as a pilot valve. 

Typical loss levels in a water supply system can 
typically be between 20% and 40% of total water sup- 
plied and may be even higher. In a system which in- 
corporates a fluid supply pressure control apparatus 
according to the present invention, this toss can be re- 
duced by as much as half. Not only does this save wa- 
ter loss but also may increase the life span of the fluid 
supply system. 

In some practical embodiments of the present in- 
vention, the pressure control valve may be a pressure 
reducing valve or a pressure sustaining valve. 

In a first aspect of the present invention ("pres- 
sure/time modulation control" ) ,the apparatus prefer- 
ably includes first storage means for storing data re- 
lating to a required fluid pressure/time relationship, 
known as pressure/time profiles. The predetermined 
pressure value is then adjustable by the second con- 
trol means in accordance with said fluid pressure/ti- 
me data. 

The predetermined pressure-time profiles will 
typically be derived from historical data, possibly re- 
lating to a remote point or points in the system. Such 
profiles may be downloaded into the memory for any 
desired period; a week might be suitable to allow for 
diurnal changes and week-end load patterns. Fur- 
thermore, while one profile may be sufficient to com- 
pensate for daily/weekly variations in water demand, 
different profiles may generally also be required for 
use according to the time of the year, and to meet ab- 
normal demands for water. 

In order to be self-regulating, a plurality of differ- 
ent profiles may be stored in the memory to represent 
changes in seasonal conditions, eg. a winter profile, 
a summer profile and a spring/autumn profile. In an 
autonomous system such as this the switching of pro- 
files can be triggered, for example, by: 

1) the changing seasons of the year (especially 
in areas the population of which increases greatly 
from time to time because of tourism) 

2) variations in the distribution system, that is to 
say, for example, the feeding of water to a district 
from an alternative source of supply. 

In order to cop with abnormal demands or an 
emergency situation, the first aspect may include 
switching means for switching the second control 
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means to an alternative state wherein the predeter- 
mined pressure value Is no longer adjustable in accor- 
dance with said pressure/time data. Instead the pres- 
sure may be increased by a fixed amount, or a differ- 5 
ent pressure profile may be substituted. 

In a second aspect of the present invention a fluid 
supply pressure control apparatus according to the 
present invention may include second sensor means 
for sensing the fluid flow at a first point in the system, 10 
and first storage means for storing data relating to a 
required fluid pressure/flow relationship. The prede- 
termined pressure value is then adjustable by the 
second control means in accordance with the fluid 
pressure/flow data. 15 

Since for a particular system a particular amount 
of flow can be approximately known to be resulting in 
a certain pressure at any given point in the system, if 
the flow is measured then the pressure needed at a 
first (supply) point to maintain a certain pressure at a 20 
second (consumer) point can be calculated. The sec- 
ond control means therefore contains data relating re- 
quired pressure to amount of flow. 

An apparatus according to this second aspect is 
particularly useful in situations where emergency 25 
load on the system needs to be accommodated e.g. 
where fire conditions are anticipated, since the con- 
troller will preferably automatically adjust to increase 
pressure levels and hence increase flow. 

The second sensor means may include a fluid 30 
flow meter locatable at a first point in the system or 
alternatively may include detector means to detect an 
operation or parameter of the pressure reducing valve 
and pressure sensor means to sense fluid pressure of 
the fluid both upstream and downstream of the pres- 35 
sure reducing valve. 

In the latter case, the detector means preferably 
sense the position of the pressure control valve 
(which is flow proportional) and the pressure sensor 
means sense the pressure drop across the valve. 40 
From these measurements the fluid flow through the 
valve can be calculated if the necessary characteris- 
tics of the valve are known. 

The second aspect preferably includes second 
storage means in which measurements of flow from 45 
the second sensor means are storable. These meas- 
urements are averageable over a period of time, pos- 
sibly by the second control means, to produce an 
average fluid flow value, from which the pressure cal- 
culations may then be made. so 

The following discussion relates to either of the 
two above aspects of the present invention. 

The first control means may include a pilot valve 
for controlling the pressure reducing valve. The pilot 
valve can be located in an auxiliary flow pipe, the op- 55 
posite ends of which are connected to tapping points 
respectively upstream and downstream of the pres- 
sure reducing valve, and the pilot valve is preferably 
regulated by the second control means. 



The second control means may control the pilot 
valve by adjusting the pressure in a pipeline commu- 
nicating with a diaphragm chamber of the pilot valve. 
This pressure may be controllable by a pair of electri- 
cally operated valves arranged in series with the pi- 
peline joining a connecting line between the valves. 
One of the valves can be connected to a relatively 
high pressure source and the other to a relatively low 
pressure source and the control pressure in the pipe- 
line is controllable by selective operation of the pair 
of valves. 

Either or both of the two valves may be normally 
closed solenoid valves, which operate by trapping a 
sealed volume at a known pressure. The solenoids 
can be pulsed to increase or decrease the pressure 
and hence adjust the hydraulic set point of the pilot 
valve. In this way, power is only used when adjusting 
the solenoids - once the hydraulic set point is fixed 
the pressure control valve and pilot valve continue to 
function as normal. 

By controlling the pilot valve in this manner, the 
pressure in the system is controllable using low power 
devices. Af luid supply control apparatus according to 
the present invention may be battery powered and it 
is possible to run the apparatus for 3-5 years on the 
power of a small battery. This allows the apparatus to 
be located in the vicinity of a pressure control valve 
with no need for mains power connection. Possibly 
the battery may be located remote from the control 
apparatus e.g. nearer to the surface of the ground, 
and therefore more accessible for repair or replace- 
ment. 

The control applied to the pilot valve will prefer- 
ably be applied in pulses, the duration of the pulses 
being varied according to an error signal represented 
by the difference between required and sensed pres- 
sure. Preferably, also, the control applied to the pilot 
valve will be applied according to a threshold concept, 
that is to say so that the control only becomes oper- 
ative when the downstream pressure strays outside a 
predetermined error band. 

The second control means (possibly a data log- 
ger or controller) maybe "self-taught" i.e. may be such 
that it applies a control signal for an elementary per- 
iod of time, measures the resultant change of pres- 
sure in relation to the change of pressure required, 
and then performs a control function for an appropri- 
ate period of time to bring about the change required. 

Preferably the fluid supply pressure control appa- 
ratus includes memory means for storing data relating 
to the operation of the apparatus. This memory may 
be accessed, for example, either directly or by tele- 
metry. 

Any or all of: the first control means, the second 
control means, the first storage means, the second 
storage means, and the memory means may include 
a data-logger or a computer. 

In a second aspect, the present invention relates 
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a method of controlling the fluid pressure level at a 
s cond point in a fluid supply system including the 
steps of: 

(i) sensing the pressure of the fluid at a first point 
in the fluid supply system using first sensor 
means, 

(ii) using first control means to control the pres- 
sure control valve to control the pressure of the 
fluid at the first point in the system in accordance 
with a difference between the pressure sensed 
by the first sensor means and a predetermined 
pressure value, and 

(iii) using second control means to control the 
predetermined pressure value. 

In a pressure/time modulation control method, 
the second control means adjusts the predetermined 
pressure value in accordance with data relating to a 
required fluid pressure/time relationship. 

In a flow modulation control method, fluid flow 
sensing means are used to sense the fluid flow at the 
first point in the system and the predetermined pres- 
sure value is adjusted by the second control means 
in accordance with data relating to a required fluid 
pressure/flow relationship. 

Aspects of the present invention are discussed in 
terms of a water supply system but are also applicable 
to otherf luid supply systems e.g. gas supply systems. 

Embodiments of the present invention will now be 
described with reference to the accompanying draw- 
ings in which: 

Figure 1 is an schematic representation of a typ- 
ical water supply system; 

Figure 2 shows a number of pressure/time graphs 
for two points in a water supply system both with 
and without a fluid supply pressure control appa- 
ratus according to an embodiment of the present 
invention; 

Figure 3 shows schematically three embodi- 
ments of the present invention; 
Figures 4-9 show graphs of outlet pressure (at a 
point A), critical node pressure (at a point B) and 
total fluid flow for two different sites; 
Figure 10 shows a diagrammatic illustration of a 
fluid pressure control system according to an as- 
pect of the present invention; 
Figure 11 is a graphical illustration of how the 
standard deviation of outlet pressure from the 
mean setting of a regulator may vary according to 
flow; 

Figure 12 is a graphical illustration of the applica- 
tion of control signals to a pilot valve in short puls- 
es: 

Figure 1 3 is a graphical illustration of the applica- 
tion of control according to a threshold concept; 
and 

Figure 14 is a further graphical illustration of the 

application of control signals. 

Figure 1 shows a schematic view of one example 



of a water supply system. The main water supply is 
along pipe 50, and the pressure at point A is regulated 
by a valve 10. The water is then supplied to a number 

5 of end users, one of the farthest away of which (point 
B) is denoted by number 52. 

It will be appreciated that the demand for water 
fluctuates throughout the day, and also may vary 
with the day of the week and time of year. 

10 In a typical supply system a certain amount of wa- 

ter (possibly between 20% and 40%) is lost through 
leakage e.g. due to deteriorated pipes. The amount of 
leakage depends upon the water pressure at any par- 
ticular point in the system - leakage increasing with 

15 pressure. If there is a reduction in flow/demand then 
the pressure in the system rises and leakage increas- 
es - as does the stress or wear and tear on the dis- 
tribution network. 

As flow causes a reduction in pressure, conse- 

20 quently the pressure at point B is less than that at 
point A. Furthermore, since the pressure drop in- 
creases with the amount of flow then the pressure 
drop will be greatest at times of largest flow. This can 
be seen from the graphs of figure 2. The aim of the 

25 invention is to control the pressure to account for this 
pressure drop. 

In the pressure/time modulation control method, 
the second control means adjusts a predetermined 
pressure value in accordance with data relating to a 

30 required fluid pressure/time relationship. 

In the flow modulation method fluid flow sensing 
means are used to sense the fluid flow at the first 
point in the system and a predetermined pressure 
value is adjusted by the second control means in ac- 

35 cordance with data relating to a required fluid pres- 
sure/flow relationship. 

Figure 2.1 a is a graph of pressure against time for 
the water pressure at point A in figure 1 in a conven- 
tional water supply system. In a conventional system 

40 this is maintained at a relatively high constant level 
(given a value x). It is kept at this high level in order 
to ensure that at all times the water pressure at point 
B does not drop below a predetermined minimum lev- 
el (value y in figure 2.1b). 

45 Figure 2.1b shows the typical pressure/time dis- 

tribution at point B throughout a day. At times of low- 
est use e.g. early morning and late evening, the pres- 
sure drop is reduced and the pressure at point B is at 
its highest levels. Correspondingly at times of great- 

50 est use (T1 , T2) the pressure drop is at a maximum 
and the pressure at point B is at its lowest value (value 

y). 

The present invention aims to reduce the fluctu- 
ations in pressure level at point B and to keep the 
55 pressure at point B to a minimum at any particular 
time. In doing this the amount of leakage can be re- 
duced and the lifetime of the pipework prolonged. Re- 
ductions of up to 50% in the amount of leaked water 
may be achieved. 
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Figure 2.2b shows an ideal situation where the 
pressure level at point B is kept to a value y at ail 
times. In order to achieve this, the pressure at point 
A is varied throughout the day according to the rela- 
tionship shown in figure 2.2a. At times when the fluid 
flow is greatest, and consequently the loss and pres- 
sure drop also greatest, (times T1 & T2) the pressure 
at point A must be increased. At other times the pres- 
sure at point A can be reduced accordingly. 

The present invention contemplates two ways of 
controlling the pressure at point A in order to reduce 
fluctuations in pressure at point B: "pressure/time pro- 
file modulation" and "flow modulation". Figure 3 
shows schematic representations of one implementa- 
tion of pressure time profile modulation (figure 3a) 
and two representations of implementations of flow 
modulation (figure 3b and figure 3c). 

In figure 3a the pressure at point A is controlled 
by the valve 10 which is in turn controlled by a control 
unit 24. The control unit 24 stores a number of pres- 
sure/time profiles relating to that particular system 
and in addition receives data about the current pres- 
sure level at point A. 

The predetermined pressure-time profiles will 
typically be derived from historical data. Such profiles 
may be downloaded into the memory for any desired 
period; a week might be suitable to allow for diurnal 
changes and week-end load patterns. 
Furthermore, while one profile may be sufficient to 
compensate for daily/weekly variations in water de- 
mand, different prof iles will generally also be required 
for use according to the time of the year, and to meet 
abnormal demands for water. 

In order to be self-regulating, a plurality of differ- 
ent profiles can be stored in the memory to represent 
changes in seasonal conditions, eg. a winter profile, 
a summer profile and a spring/autumn profile. In an 
autonomous system such as this the switching of pro- 
files can be triggered, for example by: 

1) the changing seasons of the year (especially 
in areas the population of which increases greatly 
from time to time because of tourism) 

2) variations in the distribution system, that is to 
say, for example, the feeding of water to a district 
from an alternative source of supply. 

Figure 3b shows one embodiment of a flow mod- 
ulation control, where the controller 24 also receives 
data from a flow meter 52 which measures the flow 
of fluid in the pipe 50. Since for a particular system a 
particular amount of flow can be known to be causing 
a certain pressure drop, if the flow is measured then 
the pressure needed at point A to maintain a certain 
pressure at point B can be calculated. The controller 
24 therefore contains data relating required pressure 
to amount of flow. A typical graph is seen in figure 3b 
where the required pressure increases according to 
flow at a rate greater than linearly. 

Figure 3c shows an alternative method of imple- 



menting flow modulation control. Typically the valve 
1 0 has a stem connected to whatever member is used 
to open and close the valve aperture. Thus, as the 

5 aperture is adjusted, the stem moves up and down. 
Therefore if the characteristics of the particular valve 
are known then the flow through the valve can be in- 
ferred from the position of the stem and the pressure 
differential across the valve. In this embodiment the 

10 controller 24 receives pressure information from both 
upstream and downstream of the valve 10 and in ad- 
dition receives position information relating to the 
stem of the valve. The pressure calculations are then 
performed in a similar way to the embodiment of f ig- 

15 ure 3b. 

Figures 4 to 6 show graphs of outlet pressure (at 
point A), critical node pressure (at point B) and total 
amount of flow through the regulating valve respec- 
tively, for a first system. For the first three days (Sat- 
20 urday through to Tuesday morning) the graphs show 
the operation of a system without a fluid pressure 
control apparatus according to the present invention. 
The critical node pressure can be seen to be varying 
widely between over 70 metres at times of low flow to 
25 below 20 metres at times of high flow. 

At times when, in this example, the critical node 
pressure is below 20 metres the water supply compa- 
ny may have to compensate the consumer for loss of 
adequate pressure. However, in a conventional sys- 
30 tern, the supplier cannot merely increase the overall 
mean outlet pressure in order to raise the minimum 
critical node pressure above 20 metres, since this 
would result in a maximum critical node pressure (at 
times of low flow) of over 80 metres. This may result 
35 in increased deterioration of the system and even 
burst pipes during periods of high pressure. 

For the following three and a half days (Tuesday 
morning until Friday) a fluid pressure control appara- 
tus according to the present invention is used in the 
40 system. It can be seen that the total flow still allows 
for t he demands of the consumer, but the outlet pres- 
sure varies in order to maintain a more level critical 
node pressure value. As a consequence of this the 
critical node pressure is maintained above the mini- 
45 mum 20 meter level and does not rise so dramatically 
at times of low flow. 

In addition the amount of leakage is reduced, du 
to a reduction in the pressure at times of low flow. This 
is more apparent at times of little usage, when the 
50 flow is reduced to just over two cubic metres/hour. It 
is more noticeable at these points because at times 
of low demand most of the flow (possibly around 
75%) is in fact leakage. 

Figures 7 to 9 show a similar set of graphs for a 
55 second system. In thesefigures, for the first time per- 
iod (Monday through to Thursday) a fluid supply con- 
trol apparatus according to the present invention is 
used in the system. Again, the pressure at the critical 
node is kept to a more constant level and the outlet 

5 
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pressure is reduced from its maximum of around 46 
meters to roughly 30 meters at times of low demand. 
Forthe time period Thursday evening through to Sun- 
day the fluid supply system functions in a convention- 
al manner and the outlet pressure is maintained at a 
roughly constant 46 meters. Consequently the critical 
node pressure rises to around 44 meters at times of 
low demand and the flow at times of tow demand can 
be seen to rise to around 30 cubic metres/hour i.e. the 
wastage increases. 

Referring now to figure 10, in the water pressure 
control system there illustrated the diaphragm oper- 
ated pressure control valve 10 regulates the pressure 
differential between upstream main 12 and down- 
stream main 14. The pressure control valve 10 may 
typically be a pressure reducing or sustaining valve. 

The valve 10, which is a conventional diaphragm 
operated pressure control valve, is under the control 
of a pilot valve 16 located in an auxiliary flow pipe 18 
the opposite ends of which are connected at tapping 
points respectively upstream and downstream of the 
closure member 11 of the control valve 10. Aventuri 
20 is provided in the auxiliary flowpipe and into it is 
connected a pipe 22 which communicates with the 
diaphragm chamber of valve 10. 

In operation, the water outlet pressure acting on 
the underside of the diaphragm 13 of valve 10 is bal- 
anced by the force of spring 1 5 acting above it and by 
the water pressure communicating with the dia- 
phragm chamber through pipe 22. A drop of pressure 
at the outlet side of valve 10 results in an increased 
flow of water through auxiliary flow pipe 18, this in 
turn reducing the pressure of water in the diaphragm 
chamber of valve 10 so that the latter is caused to 
open wider to restore the outlet pressure. An increase 
of outlet pressure beyond the pre-deter mined value 
adjusted by the setting of spring 15 results in a de- 
creased flow of water through auxiliary flow pipe 18, 
this in turn increasing the pressure of water in the dia- 
phragm chamber of valve 10 so that the latter is 
caused to partially close to restore the outlet pressure 
to the set pressure. 

Conventionally, this apparatus would be used to 
maintain a constant pressure level at this point in the 
system. 

The apparatus includes a pilot valve 1 6, which va- 
ries from a standard pilot valve in that it has two dia- 
phragm chambers 17 and 19, whereas a normal pilot 
valve has only one. The pressure in the bias chamber 
is adjusted using two solenoids - one to increase 
pressure i.e. open to the inlet supply, and one to de- 
crease pressure i.e. open to atmosphere. This will be 
described in more detail below. 

In the two diaphragm chambers 17 and 19 of the 
pilot valve, the sum of the two pressures acting up- 
wardly within said two diaphragm chambers is bal- 
anced by the force of the adjustable coil compression 
spring 21 acting downwardly on the closure member 



23. 

The downstream or district water pressure acts in 
the first diaphragm chamber 17 of the pilot valve and 

5 tends to restrict the flow through the valve 10 as the 
district pressure increases. 

If the pressure in main 14falls belowthe pressure 
setting of pilot valve 16, that is to say the mains pres- 
sure which the adjustment of spring 21 has been set 

10 to produce, the pilot valve opens further to increase 
the flow of water through the auxiliary flow pipe 18. 
This causes the valve 10 to open further in response 
to a lowering of pressure in pipe 22, thus restoring the 
pressure in main 14 to the pressure setting of pilot 

15 valve 16. 

However, the pilot valve is itself regulated by an 
electronic control unit, generally indicated 24, which 
varies the pressure in a pipeline 32 communicating 
with the second diaphragm chamber 1 9 so that an in- 

20 crease of pressure in the pipeline 32 also tends to re- 
strict the flow of water through the pilot valve, in eith- 
er case the reduced flow of water through the auxili- 
ary flow pipe 1 8 causing the pressure in pipe 22 to fall 
so that valve 10 will open further. 

25 The electronic control unit, generally indicated 

24, which regulates the pilot valve 16 may include a 
data-logger or computer for obtaining records of water 
supply to a district, in combination with additional 
software, or software plus hardware, for regulating 

30 the control of water pressure to the district con- 
cerned. 

The electronic control unit 24 comprises respec- 
tive input sections 38,40 having pressure transducer 
means and analogue-digital conversion means for 

35 data inputs to a central processing unit (CPU) through 
interface 42. The control unit may perform the usual 
functions of a data-logger in storing data derived from 
the inputs 38,40 in a memory 44 to permit telemetric 
readout of the data at intervals. 

40 The control unit has connections through pipe- 

lines 26 and 28 for sensing the respective water sup- 
ply pressures upstream and downstream of the con- 
trol system. The unit is also provided with control con- 
nections through a pipeline 30 from the upstream end 

45 of the auxiliary flow pipe 18 and the pipeline 32 to the 
pilot valve 1 6. 

The pressure in the pipeline 32 is determined by 
a pair of solenoid operated valves 34 and 36 arranged 
in series in the pipeline 30. The pipeline 32 joins the 

so connecting line between the two solenoid operated 
valves, as shown. Water flowing through valve 36 
(which may only be a very few drops of water at any 
one time) is dumped; the vent of valve 36 is therefore 
maintained at atmospheric pressure. 

55 The control pressure in pipeline 32 is thus deter- 

mined by the selective operation of the valves 34,36 
in the following manner- 

The upstream end of the auxiliary flow pipe 18, 
being in communication with the water in main 12, is 
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maintained at a pressure considerably higher than at- 
mospheric pressure. Thus, by selective operation of 
the two solenoid operated valves 34 and 36, the wa- 
ter pressure in the pipeline 32 can be controlled be- 5 
tween values determined by these two pressures, 
that is to say between mains pressure and atmosphe- 
ric pressure. 

Thus, with the valve 34 held open and the valve 
36 held closed, the pipeline 32 would be at the same 10 
pressure as the pipeline 30, whilst with the valve 34 
held closed and the valve 36 held open the pressure 
within the second diaphragm chamber of pilot valve 
would be at the pressure of the static head of water 
in the pipe 32, i.e. at minimal pressure not much great- 15 
erthan atmospheric pressure. In practice, the control 
pressure required will lie between these two ex- 
tremes and will be produced by the valves 34 and 36 
being opened and closed, selectively, for very brief 
periods of time to effect minute changes of pressure 20 
in pipeline 32. 

Either or both of the two valves may be normally 
closed solenoid valves, which operate by trapping a 
sealed volume at a known pressure. The solenoids 
can be pulsed to increase or decrease the pressure 25 
and hence adjust the hydraulic set point of the pilot 
valve. In this way, power is only used when adjusting 
the solenoids - once the hydraulic set point is fixed 
the pressure control valve and pilot valve continue to 
function as normal. 30 

The control applied to the pilot valve will prefer- 
ably be applied in pulses, the duration of the pulses 
being varied according to an error signal represented 
by the difference between required and sensed pres- 
sure. Preferably, also, the control applied to the pilot 35 
valve will be applied according to a threshold concept, 
that is to say so that the control only becomes oper- 
ative when the downstream pressure strays outside a 
predetermined error band. 

The logger or controller may be "self-taught" i.e. 40 
may be such that it applies a control for an elementary 
period of time, measures the resultant change of 
pressure in relation to the change of pressure re- 
quired, and then performs a control function for an ap- 
propriate period of time to bring about the change re- 45 
quired. 

One controlling technique will now be explained, 
by way of example, with reference to Figure 1 1 which 
is a diagrammatic illustration of how, within the water 
system, the standard deviation of fluid pressure from so 
the mean setting may vary according to flow, that is 
to say according to the demand for water. 

As shown, the minimum deviation is at low rates 
of flow and the maximum deviation is at full flow. The 
data logger or controller may be such that it can sam- 55 
pie pressure every 1/10 second and derive a series 
of samples. A summary period is chosen, say 5 min- 
utes, over which period the values of Pmax and Pmin 
can be monitored and stored in the logger memory. 



Using an integration technique it is then possible to di- 
agnose whether the flow through the valve is abnor- 
mally high for the particular season and, if so, switch 
to a higher profile during that day. 

Referring now to Figure 12, to avoid oscillations 
(unstable feedback loop) the control may be applied 
in short pulses, the duration of each pulse being var- 
ied according to the difference between required and 
actual pressure (i.e. according to an error signal). 

In addition, as illustrated diagrammatically in Fig- 
ure 13, the control may be applied according to a so- 
called threshold concept, tn Figure 13 the required 
pressure is represented by line rp. Aline immediately 
below line rp represents required pressure less a pre- 
determined threshold value whereas a line imme- 
diately above line rp represents required pressure 
plus the predetermined threshold value. 

This arrangement is such that whilst the sensed 
pressure remains within the error band of rp± thresh- 
old value the control remains inactive. The control 
only becomes operative when the sensed pressure 
strays outside the error band, this being to achieve 
the lowest possible battery power consumption in the 
data-logger. 

The control is thus optimised to a minimum num- 
ber of control operations in order to consume the 
smallest possible amount of power. 

The data-logger or controller may, in effect, be 
"self-taught". Referring to Figure 14, in a test phase 
the logger applies a control signal for an elementary 
period of time Et and measures the resultant change 
in pressure Ep. The gradient Ep/Et is the first order or 
approximation of the integral term used in the control 
loop. Once the value. of Ep/Et has been derived, this 
is used to initiate the first control operation, after 
which a new value of Ep/Et is calculated. 

This self-tuning technique may be applied sepa- 
rately to both the valves 34 and 36 by means of which 
the logger produces a control pressure in line 32 (see 
Figure 1 ) in order to control the operation of pilot valve 
16. 

Various modifications may be made. For exam- 
pie, instead of taking a high pressure flow of water 
from the auxiliary flow pipe 1 8 there could be a supply 
of bottled gas for feeding a controlled fluid pressure 
to the second diaphragm chamber 1 9 of pilot valve 16 
via valve 34 and pipeline 32. 

One of the advantages of a fluid pressure control 
apparatus according to the present invention is that 
it is compact and may be powered for a long duration 
e.g. 3-5 years, by relatively low power battery. In this 
way it can be located on or near a pressure control 
valve without any requirement for mains electric pow- 
er. By using a pilot valve to control the main pressure 
control valve large pressures can be controlled using 
relatively small amounts of power. In addition, the pi- 
lot control valve according to the present invention 
can provide the necessary feedback control to main- 
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tain the required predetermined pressure value at the 
pressure control valve. 

In one embodiment ("Pressure Profile Control") 
of the present apparatus, the memory 44 also stores 5 
a number of required pressure-time profiles for the 
water supply flow in the main 14. The CPU is provided 
with means for comparing the data inputs from the 
sections 38,40 with the stored pressure profiles and 
to provide actuating outputs to the valves 34,36 10 
through interface 46. In this way, predictable varia- 
tions of water demand can be anticipated and the 
downstream pressure can be maintained more uni- 
formly while ensuring that water at a suitable pres- 
sure reaches the furthest extremities and highest al- 15 
titudes of the district being supplied. 

The water pressure control apparatus described 
is preferably able to maintain supply pressure at all 
times at the lowest possible values commensurate 
with meeting the demand for water by consumers fur- 20 
thest away and at the highest points above sea level. 
The apparatus also provides an economical way of 
achieving the logging and control functions within one 
instrument 

Means may be provided for switching the control 25 
means to an alternative state for increasing the sup- 
ply of water as regulated by said pressure reducing 
valve in response to a signal indicating an abnormally 
high demand for water and/or in response to a pre-de- 
termined minimum pressure signal from a critical 30 
point in the district being supplied. In switching to an 
alternative state, the system may bring into use a dif- 
ferent pressure-time profile or may boost the down- 
stream or district pressure by a predetermined 
amount. 35 

The means for switching the control means to an 
alternative state for increasing the supply of water as 
regulated by the pressure reducing valve may be ac- 
tuable in response to a signal from a critical point in- 
dicating a pre-determined minimum pressure at that 40 
point, this being either additional or alternative to a 
signal indicating an abnormally high demand for wa- 
ter. 

There may be a number of such critical points, 
these being either at outlying locations or at elevated 45 
heights. 

In another embodiment ("Flow Modulation"), the 
memory 44 contains data relating to pressure and 
flow. As explained in relation to figures 3b and 3c the 
pressure required at point A can be inferred from a so 
measurement of the flow passing through point A. In 
this embodiment it is then not necessary to use the 
pressure time profile modulation. 



Claims 

1 . A fluid su pply pressure control apparatus for use 
in conjunction with a pressure control valve (10) 



of a fluid supply system, including: 
first sensor means (26, 28) for sensing the pr s- 
sure of the fluid at a first point (12, 1 4) in the sys- 
tem, and first control means (16) for controlling 
the pressure control valve (10) to control the 
pressure of the fluid at the first point in the sys- 
tem in accordance with a difference between the 
pressure sensed by the first sensor means and a 
predetermined pressure value, characterised in 
that the apparatus includes second control 
means (26) for controlling the predetermined 
pressure value. 

2. A fluid supply pressure control apparatus accord- 
ing to claim 1, in which the predetermined pres- 
sure value is adjustable by the second control 
means to reduce fluctuations in the fluid pressure 
at a second point in the system. 

3. A fluid supply pressure control apparatus accord- 
ing to claim 1 or claim 2 including first storage 
means for storing data relating to a required fluid 
pressure/time relationship and wherein the pre- 
determined pressure value is adjustable by the 
second control means in accordance with said 
fluid pressure/time data. 

4. A fluid supply pressure control apparatus accord- 
ing to claim 3, including switching means for 
switching the second control means to an alter- 
native state wherein the predetermined pressure 
value is no longer adjustable in accordance with 
said pressure/time data. 

5. A fluid supply pressure control apparatus accord- 
ing to claim 4, wherein the switching means is ac- 
tivatable in response to a signal indicative of an 
abnormally high demand for water and/or a pre- 
determined minimum pressure at a point in the 
system. 

6. A fluid supply pressure control apparatus accord- 
ing to claim 1 or claim 2, including second sensor 
means for sensing the fluid flow at a first point in 
the system, and first storage means for storing 
data relating to a required fluid pressure/flow re- 
lationship, and wherein the predetermined pres- 
sure value is adjustable by the second control 
means in accordance with said fluid pressure- 
/f low data. 

7. A fluid supply pressure control apparatus accord- 
ing to claim 6, in which the second sensor means 
includes a fluid flow meter locatable at a first 
point in the system. 

8. Afluid supply pressure control apparatus accord- 
ing to claim 6, wherein the second sensor means 
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includes detector means to detect parameter of 
the pressure reducing valve and pressure sensor 
means to sense fluid pressure of the fluid both 
upstream and downstream of the pressure reduc- 
ing valve. 

9. Af luid supply pressure control apparatus accord- 
ing to any one of claims 6 to 8, including second 
storage means in which measurements of flow 
from the second sensor means are storable, 
wherein the measurements are averageable over 
a period of time by the second control means to 
produce an average fluid flow value. 

1 0. A fluid supply pressure control apparatus accord- 
ing to any of the above claims in which the first 
control means includes a pilot valve for controll ing 
the pressure reducing valve, the pilot valve being 
located in an auxiliary flow pipe the opposite 
ends of which are connected to tapping points re- 
spectively upstream and downstream of the pres- 
sure reducing valve, and in which the pilot valve 
is regulated by the second control means. 

11. A fluid supply pressure control apparatus accord- 
ing to claim 10 wherein the pressure in a pipeline 
communicating with a diaphragm chamber of 
said pilot is controllable by a pair of electrically op- 
erated valves arranged in series with the said pi- 
peline joining a connecting line between the said 
valves, one of said valves being connected to a 
relatively high pressure source and the other to 
a relatively low pressure source, the control pres- 
sure in the pipeline being controllable by selec- 
tive operation of the pair of valves. 
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20 



25 



30 



sor means, 

(ii) using first control means to control the 
pressure control valve to control the pressure 
of the fluid at the first point in the system in 
accordance with a difference between the 
pressure sensed by the first sensor means 
and a predetermined pressure value, and 

(iii) using second control means to adjust the 
predetermined pressure value. 

16. A method of controlling the fluid pressure level at 
a second point in a fluid supply system according 
to claim 15, wherein the second control means 
adjusts the predetermined pressure value in ac- 
cordance with data relating to a required fluid 
pressure/time relationship. 

17. A method of controlling the fluid pressure level at 
a second point in a fluid supply system according 
to claim 1 5, wherein fluid flow sensing means are 
used to sense the fluid flow at the first point in the 
system and the predetermined pressure value is 
adjusted by the second control means in accor- 
dance with data relating to a required fluid pres- 
sure/flow relationship. 



35 



12. Afluid supply pressure control apparatus accord- 
ing to any of the above claims including memory 
means for storing data relating to t he operation of 40 
the apparatus. 

1 3. A fluid supply pressure control apparatus accord- 
ing to any of the above claims wherein any or all 

of: the first control means, the second control 45 
means, the first storage means, the second stor- 
age means, and the memory means include a 
computer. 

14. A fluid pressure control system including a fluid so 
pressure control apparatus according to any of 

the above claims and a fluid pressure control 
valve. 



15. A method of controlling the fluid pressure level at 55 
a second point in a fluid supply system including 
the steps of: 

(i) sensing the pressure of the fluid at a first 
point in the fluid supply system using first sen- 
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